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Objective: Examine relationships between changes in physical activity (PA) and 
personal, psychosocial and environmental factors among adolescent girls. 
Methods: Longitudinal data were analyzed from two cohorts of adolescent girls. 
Participants were placed into four categories based on PA levels. Active Maintainer-AM, 
Inactive Maintainer-IM, Adopter-A, or Relapser-R. Anthropomorphic, personal, 
psychosocial and environmental data were collected. Multivariate logistic regression was 
used to estimate parameters.  
Results: In early adolescence, Free/reduced price lunch and Self-Efficacy for PA were 
associated with AM; Race and Friend Support for PA with IM; and Friend Support for 
PA with R. In later adolescence, Distance to Nearest Park, PA Frequency with Friends, 
and Global Physical were associated with AM; BMI, Friend Support for PA, PA 
Frequency with Friends, and Age at Menses, with IM; BMI with A.  
Conclusion: PA predictors were different across the categories and the predictors were 
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Chapter 1: Introduction 
I. Background 
Participation in regular physical activity (PA) promotes health, fitness and quality 
of life in people of all ages. While conditions such as diabetes, hypertension and heart 
disease typically don’t manifest until adulthood, risk factors for these and other chronic 
diseases can develop in childhood and adolescence. The Physical Activity Guidelines, 
released by the U.S. Department of Health and Human Services in 2008 recommend that 
children and adolescents participate in at least 60 minutes of moderate to vigorous PA 
(MVPA) every day.1 Results from the 2010 National Youth Physical Activity and 
Nutrition Study (YPANS), indicate that only 15.3% of students in grades 9-12 are 
meeting this recommended goal.2  
Many adolescents are not participating in any regular PA. In a study of Turkish 
adolescents, Geckil and Dunder found that the most prevalent adolescent risk behavior 
was a lack of PA.3 According to U.S. Centers for Disease Control and Prevention’s 
Youth Risk Behavior Survey (YRBS) data from 2009, 23% of high school students 
reported that they did not participate in at least 60 minutes of PA on any day in the past 7 
days.4 When the data from both YPANS and YRBSS are broken down by sex, adolescent 
girls report significantly less PA participation than adolescent boys.2,4  
A 2008 study by Kahn et al. found that PA levels increase with age as children 
move through early and middle childhood. At around age 13, however, there is a shift and 
PA levels for both boys and girls begin to decline.5 This decline during the adolescent 
period has been well-documented by multiple studies.2,5,6,7 8,9, 10 Both boys and girls 
experience a general decrease in PA throughout the teenage years, however, across 
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studies, boys have been found to have higher levels of PA than girls.2–4,6,11,5,7,12,13, 14 Some 
findings have also suggested differences in PA change over time by sex. A systemic 
review by Craggs et al. found that gender was consistently associated with the change in 
PA during childhood and adolescence, with girls exhibiting greater declines than boys.15  
II. Research Question 
As previously noted, the decline of PA in girls during adolescence has been well 
established. Although these findings are used to describe the general trend of the 
population, there are girls whose PA patterns do not follow this decreased trajectory. 
Within longitudinal samples, there are subsets of participants that have maintained or 
even increased their level of PA over time. There are relatively few studies that have 
looked at these different directions of PA change.  
The main research question for this study was: What factors are associated with 
changes in PA level during adolescence? In order to answer this question, this study 
defined PA level as “active” or inactive” and examined the three possible directions of 
change (maintenance, increase and decrease) in a population of adolescent girls. More 
specifically, four separate categories of PA level change were utilized: Active 
Maintainers, Inactive Maintainers (maintenance), Adopters (increase), and Relapsers 
(decrease). These categories are defined in more detail later in this thesis. 
III. Specific Aims 
This study had three specific aims: 
1. Describe the four categories of PA level change in adolescent girls in early 
and later adolescence. 
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2. Identify the personal, psychosocial and environmental factors associated with 
these four categories of PA level change in early and late adolescence. 
Hypothesis 1: The predictors will be different across the four different 
categories of PA level change in early adolescence. 
Hypothesis 2: The predictors will be different across the four different 
categories of PA level change in late adolescence. 
3. Examine if the predictors themselves change over time.  
Hypothesis 3: The predictors of PA level change identified in early 
adolescence will be different from the predictors of PA change identified  
in later adolescence.  
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Chapter 2: Literature Review 
A review of the literature showed that many different personal, psychosocial and 
environmental factors have been examined for possible associations with the decline in 
PA during adolescence. 
I. Measurement of Dependent variable: Change in PA Level 
 PA is measured in different ways depending on the study design and availability 
of data. Some studies assess PA in adolescents using self-report measures from national 
surveys such as YPANS and YRBSS.2,4,7,16 Other studies use a 3-day physical activity 
recall (3DPAR) where participants self-report activity in half-hour blocks for a specified 
number of days.9,17 Additional self-report measures include questions regarding 
participation in structured sports or other activities,14,18–20 or some other survey 
instrument to assess an individual’s PA.5,6,8,10,13,18,21,22 In self-report measures, 
participants may be categorized into levels of activity (for example, high, medium and 
low) based on their responses or the activities are assigned metabolic values (METs) 
which reflect the activity’s intensity and allow for a calculation of minutes of moderate or 
vigorous activity (MVPA) based on a predetermined MET cutoff. Although many self-
reported measures have been shown to be reliable and valid, objective measures of PA 
are preferable because they reduces the chances of bias due to under or over reporting. 
Pedometers provide objective data on the number of steps an individual takes while the 
device is worn.23,24 Pedometers can only detect movement, however, and cannot provide 
information about the intensity of the activity being performed. Accelerometers also 
provide an objective measure of PA.25–29 They produce data regarding intensity, however 
they cannot provide information about the quality or context of any specific activity. 
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These devices typically cannot be submerged in water; therefore, any water-related PA 
during measurement may not be accounted for. 
II. Independent Variables of Interest  
A. Body Mass Index 
Research suggesting an association between Body Mass Index (BMI—weight 
(kg)/height (m)2) and PA has been inconsistent. Kahn et al. found a quadratic relationship 
between BMI and PA levels in adolescents, where PA levels were lower at both the high 
and low ranges of BMI than the intermediate range.5 In their systematic review, Craggs et 
al. included fourteen studies that examined the relationship between change in PA and 
anthropometry in children and adolescents and found no consistent association.15 
Raudsepp and Viira, however, in their longitudinal study of 6th grade girls, found that 
BMI was inversely related to both initial levels of PA and change in PA over time,9 while 
findings by Rangul et al. suggest that girls who self-identified as overweight were more 
likely to decrease their PA over time compared with those who self-identified as 
average.6 Lastly, Stevens et al. found that 6th grade girls with 12.8 minutes of MVPA per 
day were 2.3 times more likely to be overweight than girls with 34.7 minutes of MVPA.29 
B. Race/ethnicity 
 Associations between race/ethnicity and PA have also been inconsistent. Gordon-
Larsen et al. found that non-Hispanic white girls were more likely to engage in MVPA 
and had higher levels of MVPA than minority females.8 Craggs et al., however, found no 
consistent association with change in PA and ethnicity in their review of forty-six 
papers.15 Similarly, Pate et al. found that African American girls had greater decreases in 
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PA in comparison to non-Hispanic white and Hispanic girls, but the differences were not 
statistically significant.28  
C. Socioeconomic status 
Associations between Socioeconomic status (SES) and PA have been more 
consistent across the literature. In a cross-sectional study of adolescents, Gordon-Larsen 
et al. found that inactivity was influenced by sociodemographic factors.22 Singh et al. also 
found that the odds of physical inactivity were higher and the odds of PA lower for 
children with parents without a high school diploma compared with children of college- 
educated parents.11 Another study by Schmitz et al. also found associations between 
sociodemographic variables and PA.30 Drenowatz et al. found that children from lower 
SES tended to have lower PA levels and higher sedentary activity levels than children 
from higher SES. After controlling for BMI, the differences in PA levels were no longer 
significant, however the differences in sedentary behaviors remained.31 Because studies 
in general have consistently shown an association between sociodemographic factors and 
PA or inactivity, they are typically measured and controlled for.7,12,17,19–21,26,27,32–34 
D. Previous PA 
Overall, findings suggest an association between previous PA levels and change 
in PA. In their systematic review, Craggs et al. found that among children ages 10 to 13, 
higher levels of previous PA resulted in a smaller declines of PA.15 Research by Duncan 
et al. showed that higher levels of PA at age 12 were associated with a greater decline in 
PA from ages 12 to 177 and Rangul et al. found that non-participation in sports was a 
strong predictor of not becoming active in the future.6 
E. Social support  
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 Across studies, social support has been shown to be associated with PA. Duncan 
et al. found that, for girls, having physically active friends was a protective factor; girls 
who showed an increase in the number of physically active friends over time had a lesser 
decline in PA from ages 12 to 17.7 Raudsepp and Viira found that friend social support 
was positively associated with both initial PA levels and the change in PA across a 1.75 
year time period9. Vorhees et al. looked at social network factors and PA in adolescent 
girls and found that as reported activity with close friends increased, so did self-reported 
PA.35 In their systematic review, Craggs et al. found that social support measures were 
also consistently associated with smaller declines in PA in adolescents age 14 and older.15  
F. Depression 
 Like social support, findings on the relationship between depression and PA have 
been relatively consistent. In their baseline analysis Rothon et al. suggest that there is 
evidence for an association between higher PA and reduced odds of depressive symptoms 
for girls. Their longitudinal analysis found the same direction of effect although the 
association was not significant.21 Parfitt and Eston also found an inverse relationship 
between PA and both anxiety and depression24 and a longitudinal study of girls age 11-15 
by Jerstad et al. found that depression reduced the probability of later participation in 
PA.10 
G. Self Esteem 
 Several studies have shown correlations between PA and self-esteem. A 12-week 
intervention study by DeBate et al. found that that after participating in a 
developmentally focused youth sport program, girls showed significant increases in 
global self-esteem.16 This finding is further supported by a systematic review of 
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randomized controlled trials by Ekeland et al. that found that exercise can improve self-
esteem in children.36 Using data from the Adolescent Health Study, Kurt-Butler and 
Hagewen found that adolescents who participated in sports had a higher initial mean level 
of self-esteem than non-partipants19 and in their cross-sectional study, Parfitt and Eston 
found a positive association between PA and global self-esteem. Findings from a 
longitudinal study by Raustorp et al. suggest a positive association between perceived 
physical self-esteem and being highly physically active in adolescent girls,23 while Geckil 
and Dundar found that adolescents with lower self esteem had less PA.3 Kranstover et al. 
found that lower psychological well-being at age 11 predicted lower enjoyment of PA 
which in turn predicted lower MVPA at age 13.26 Not all studies have shown clear 
associations between PA and self-esteem however; Kahn et al. found positive 
associations between PA and social and athletic self-esteem, but not global or scholastic 
self esteem5 and Russell and Cox found no relationship between exercise frequency and 
self esteem.37 
H. Self-efficacy 
 Associations between PA and self-efficacy have been consistent across studies. 
Barr-Anderson et al. found a positive relationship between involvement in structured PA 
and self-efficacy in 6th grade girls20 and Craggs et al. found self-efficacy measures were 
consistently associated with smaller declines in PA in adolescents age 10-13 and 14 and 
older.15 
I. Employment 
 Because teens are eligible to enter the workforce starting around ages 14 to 16, it 
is theorized that there may be an association between employment and PA in 
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adolescence. A qualitative study by Slater and Tiggemann suggested that insufficient 
time due to competing commitments, such as homework and a job, was one reason 
adolescent girls gave for withdrawing from PA.38 A cross-sectional study of 12th grade 
girls by Dowda et al. confirmed this finding, however the relationships were complex. 
While they found no differences by employment status for fitness or sports participation, 
they did find that employed girls self-reported higher overall PA than unemployed girls. 
When PA reported during work was eliminated, however, the non-employed girls 
actually had higher overall PA. The employed girls self-reported higher total METs and 
were more likely to participate in 2 or more blocks of MVPA per day than non-employed 
girls. Examining the data from a subset of girls who wore accelerometers, the authors 
found that girls who worked tended to accumulate more MVPA than those who did not 
work, but this finding was not statistically significant. Overall their results suggest that 
girls who work are more physically active and that work itself can be a source of PA in 
adolescent girls.17 
J. Pubertal Development 
 Relatively few studies have looked at the relationship between PA and pubertal 
development. A longitudinal study by Krahnstoever et al. found associations between 
pubertal development and MVPA, with more advanced pubertal development at age 11 
predicting fewer minutes of MVPA at age 13.26 Using the same cohort, Baker et al. also 
found significant differences in both self-reported and accelerometer measures of PA at 
age 13 and pubertal development, with earlier maturing girls being overall less physically 
active.27 
K. Sleep 
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 Several studies have indicated that children and adolescents do not get enough 
sleep.39,40 Inadequate sleep is often suggested to contribute to a variety of unhealthy 
behaviors, including decreased PA. Singh et al. found that inadequate sleep was 
associated with higher levels of physical inactivity and lower levels of PA in children 
ages 8 to 11.11 Delisle et al. found similar results in a study of adolescents; higher VPA 
was associated with greater quantity of sleep.41 In a study of European adolescents, 
Garaulet et al. found that adolescents who slept less than 8 hours a day were more 
sedentary those who slept more than 8 hours, but associations between sleep duration and 
PA measures were inconsistent.42 
L. Boyfriend 
 No studies were found that examined the relationship between having a boyfriend 
or partner and PA.  
M. Environmental Factors: Distance to School and Distance to Parks 
In their study using Add-Health data, Boone-Heinonen et al. found that that green 
space coverage was positively associated with exercise and greater overall leisure MVPA 
and that shorter distance to parks was significantly related to reporting more bouts of 
MVPA per week and to participation in active sports.12 In a study that looked at 
proximity to school, Cohen et al. found that the farther sixth grade girls lived from their 
school, the less MVPA minutes per week they accumulated.32  
Many cross-sectional studies have looked at associations between PA levels in 
adolescents and anthropometric measures, personal and psychosocial factors or 
environmental factors; fewer studies have looked at adolescent PA longitudinally 
however, and there are even are even fewer that have looked at the directions of change. 
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Raudsepp and Viira conducted a study to examine the trajectory of PA using the 3DPAR 
in a population of 193 urban Estonian 6th grade girls.9 Duncan et al. conducted a similar 
study in a U.S. population of 371 boys and girls to assess the trajectory of PA change 
from ages 12 to 17. PA was assessed using YRBSS PA questions and objectively with a 
pedometer. Their sample was predominantly white which restricted comparisons by 
race.7 Rangul et al. also examined directional PA change over 4 years among adolescents 
in Norway using a self-reported measure of PA, similar to the YRBSS questions.6 No 
studies to date could be found that have examined directions of PA change in adolescent 
girls in the U.S. using accelerometer data and multi-level determinants. 
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Chapter 3: Methods 
I. Data Source 
 This study used data from The Trial of Activity in Adolescent Girls (TAAG) 
studies. TAAG and TAAG2 were cross-sectional and longitudinal examinations of PA in 
6th, 8th and 11th grade girls. Baseline data for TAAG were collected in 6 different 
communities across the United States in the fall of 2002 when participants were in the 6th 
grade. Follow-up data were collected in the spring of 2005 when participants were in 8th 
grade (8a). Data were then collected on a new sample of 8th grade girls from the 6 
communities in the spring of 2006 (8b). The TAAG2 study collected follow-up data on 
the 8b cohort from only the Washington, D.C./Baltimore area in the spring of 2009 when 
participants were in the 11th grade. This present study was longitudinal and utilized data 
from all 4 waves of data collection.  
II. Participants 
Participants for this study included 2 separate cohorts from the TAAG and 
TAAG2 studies. For the purpose of this study, the sample was restricted to those 
participants who had complete PA and height and weight data. The first cohort (A) 
included 984 girls with complete data and the second cohort (B) included 589 girls. 
Twenty-six girls from Cohort B had insufficient PA data and an additional two were 
missing height or weight data, bringing the sample to 561 participants. 
III. Human Subjects 
All procedures for the parent studies, TAAG and TAAG2, met the requirements 
of 45 CFR 46, Protection of Human Subjects. Each participating TAAG site obtained 
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local Institutional Review Board (IRB) approval. Written consent from parents and 
written assent from the girls were obtained prior to participation in the study. Data was 
protected by reasonable security procedures and de-identified for analysis to maintain 
participant confidentiality. The author of this study was added and approved as a student 
researcher to the current TAAG2 research protocol on file with the University of 
Maryland College Park IRB.  
IV. Description of Dependent Variable 
PA was measured objectively using Computer Sciences and Applications (CSA) 
accelerometers. Participants wore the accelerometers over their right hip for 6 days. The 
CSA was removed during periods of sleep, showering, bathing or swimming. Activity 
counts and intensity levels were collected over 30-second epochs for 6 days, converted to 
metabolic equivalents (METS) and averaged to produce a daily intensity weighted 
measure of MVPA. A sub study determined the CSA threshold of 1500 counts/30-second 
epoch, equivalent to 4.6 METS, as the minimum range for moderate intensity in middle-
school girls. Current guidelines recommend that children between the ages of 5 and 17 
participate in 60 minutes of MVPA every day.1 The proportion of girls in the US who 
meet this recommendation is small (8.4%2), however, and the number of girls in the study 
sample who achieved the recommend 60 minutes was less than 2% (12 girls in cohort A; 
5 girls in cohort B).  In order to have enough data for meaningful analysis this study 
employed a cut-off of 30 minutes of MVPA as the threshold for “active”. This is the 
amount recommended for adults ages 18-55.1 In addition, other studies have also 
employed a threshold below the recommended guidelines.6  
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The outcome variable of PA level change was defined and categorized using the 
2011 study by Rangul et al. as a guiding framework.6 Participants were dichotomized at 
baseline and at follow-up based on their daily average MVPA at each measurement: 
“active” (≥30 minutes) and “inactive” (< 30 minutes). Participants were then categorized 
into one of four groups based on their status at both time points: 1) Active Maintainers 
(active at baseline and active at follow-up); 2) Inactive maintainers (inactive at baseline 
and inactive at follow-up); 3) Adopters (inactive at baseline, active at follow-up); and 4) 
Relapsers (active at baseline and inactive at follow-up).  
V. Definitions of Independent Variables 
	   A	  complete	  summary	  of	  the	  variables	  examined	  in	  this	  thesis	  is	  available	  in	  
Table	  1.	  Unless	  otherwise	  specified,	  the	  data	  analyzed	  were	  collected	  for	  both	  
cohorts	  at	  baseline.	  
A. Race/ethnicity 
Participants were asked to self-identify their ethnicity using a checklist that 
included: “White”, “Black”, “Hispanic”, “Asian”, “Native Hawaiian or other Pacific 
Islander”, “American Indian or Native Alaskan” and “Other”. Due to a low number of 
responses, respondents who selected a category other than “White”, “Black” or 
“Hispanic” were classified as “Other”.   
B. Socioeconomic status 
Participants were asked if they received free or reduced price lunches at school 
and dichotomized as “Yes” or “Otherwise”.  
C. Body Mass Index (BMI) 
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Girls’ height was measured using a portable stadiometer and weight was 
measured using a digital scale. BMI was calculated using weight (kg) divided by height 
squared (m2) and age at time of measurement using CDC growth charts. Based on BMI 
calculations, participants were dichotomized as “≥85th percentile” (overweight/obese) and 
“<85th percentile” (normal).  
D. Elevated Depressive Symptoms 
Depression was measured using the Center for Epidemiological Depression Scale 
(CED-S), a 20-item questionnaire that characterizes the major symptoms of depression.43 
Participants were asked to indicate the presence of symptoms during the past week by 
responding to statements such as “I was bothered by things that usually don’t bother me” 
using a 4-point Likert scale from “rarely or none of the time” (0) to “most or all of the 
time” (3). Responses for the 20 items were summed for a depressive symptoms score 
with a possible range of 0-60. The standard indicator for elevated depressive symptoms is 
a score 16 or higher. Based on the scores, participants were dichotomized as “≥ 16”  or  
“ < 16” .  
E. Self Concept: Self esteem/Body Fat and Global Physical 
Self concept was measured using 3 subscales from the Physical Self Description 
Questionnaire (PSDQ): Global Self esteem (SE), Body Fat (BF) and Global Physical 
(GP).44 The SE scale contains 8 items, and the BF and GP scales each contain 6 items. 
Respondents were asked to indicate how true or false a statement such as “My stomach is 
too big” was for them using a 6-point true false scale. Reversed items were coded 
appropriately. Responses for each subscale were summed with a range of 0-40 for SE, 
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and ranges of 0-30 for BF and GP. These measures were collected at follow-up for 
Cohort B only. 
F. Social Support for PA 
Social support for PA was measured using a modified parent and peer social 
support scale from the Amherst Health and Activity Study.45 The questionnaire included 
three questions regarding peer support and five questions regarding parent or family 
support for PA. Participants were asked to indicate how often they received support for 
PA (encouragement, transportation, participation with them) during a typical week using 
a 5-point Likert scale from “none” (0) to “every day” (4). Responses for the 8 items were 
summed with a range of 0-12 for Friend Support for PA and 0-20 for Family Support for 
PA.  
G. PA of Social Network 
Participants were asked to list their three closest friends and then answer, for each 
friend, “Is this friend physically active?” Responses for all three friends were summed 
with a range of 0 to 3. Participants were then asked to indicate “How often are you 
physically active with this friend?” using an ordinal scale that ranged from “never” to “5 
or more times per week”. Responses for all three friends were summed with a range of 0 
to 15. These measures were collected at follow-up for cohort B only.  
H. PA Self-Efficacy  
PA Self-efficacy was measured with a validated 8-item questionnaire.43 
Participants were asked to indicate their agreement with statements such as “I can be 
physically active during my free time on most days” using a 5-point Likert scale from 
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“disagree a lot” (1) to “agree a lot” (5). Responses for the 8 items were summed for a PA 
self-efficacy scale with a possible range of 8 to 40.  
I. Previous Physical Activity 
As part of their student questionnaire, students were given a list of 33 sports and 
activities and were asked to indicate which ones they participated in at school and/or 
outside of school during the past year. Students were dichotomized into “no sport 
participation” and “sport participation”.  
J. Pubertal Development-Age at Menses 
Participants were asked to enter their age in years in response to the question 
“How old were you when you had your first menstrual period?” This measure was 
collected at follow-up for Cohort B only. 
K. Boyfriend 
Participants were asked a series of questions with appropriate skip patterns if they 
have ever had a serious boyfriend or partner. Based on their response, students were 
grouped into one of three categories: “never”, “past” or “current”. This variable was 
collected at follow-up for Cohort B only. 
L. Sleep 
Participants were asked to enter what time they usually go to bed and what time 
they usually wake up on school days and weekends and an estimated average hours of 
sleep per day was calculated. Participants were categorized into three groups according to 
the National Sleep Foundation’s definitions of adequate sleep: optimal (≥ 9 hours), 
borderline (8-9 hours), and insufficient (< 8 hours).46 This measure was collected at 
follow-up for Cohort B only. 
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M. Distance to School and Distance to Nearest Park 
Using ArcGIS, participants’ addresses were geocoded and the distance in miles 
from their residence to their school and the nearest park was calculated. Distance to 
school was collected at follow-up for Cohort A and at baseline for Cohort B. Distance to 
Nearest Park was collected at baseline for both cohorts. 
VI. Data analysis 
All data analyses were performed using SAS 9.2. First, descriptive analyses were 
done to present the distribution of the dependent and independent variables for both 
Cohort A and Cohort B. Next, Chi-square analyses (for categorical variables) and multi-
categorical logistic regression (for continuous variables) were performed to examine the 
differences in the proportions/means of the independent variables among the four groups 
of PA level change for both Cohort A and Cohort B. Fisher’s exact test was used for 
those categorical variables where Chi-square was not appropriate. Univariate logistic 
regression models were run to calculate unadjusted odds ratios (OR) and 95% confidence 
intervals (CI) for each independent variable. Separate analyses were performed for each 
category of PA change. Lastly, multivariate logistic regression models were run for each 
of the four categories. The first model adjusted for Race and SES, two potential 
confounders identified by the literature. Prior to running the final models, correlation 
analyses were conducted to avoid multicollinearity in the primary analysis. Family 
Support for PA was correlated with Friend Support for PA and thus eliminated in the 
multivariate logistic regression models for Cohort A. Family Support for PA was 
correlated with Friend Support for PA, and Global Self Esteem and Body Fat were 
correlated with Global Physical and thus eliminated from the multivariate logistic 
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regression models for Cohort B. The final sets of variables were then selected via 
backward elimination technique (alpha=.2) for inclusion in the multivariate logistic 
regression models. All model results are reported as OR with two-sided p values and 95% 
CI.  
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Chapter 4: Results 
I. Cohort A.  
Figure 1. Cohort A: Distribution of Active and Inactive at Baseline and Follow-up, 
Early Adolescence (n=984). 
	  
 
	   Table 2 shows the complete distribution of all characteristics for Cohort A; Table 
3 shows the distribution by PA Change category. Nearly half of the girls identified 
themselves as white, about 20% self-identified as Black and 10% as Hispanic. Just over 
one-third of the sample reported receiving free or reduced lunch at school. Consistent 
with national prevalence rates for adolescent girls in the U.S.47, one-third of the sample 
was overweight or obese with a measured BMI at or above the 85th percentile for age. 
About two-thirds of the participants were Inactive Maintainers (IM), with an average 
daily MVPA of less than 30 minutes at both measurement points. Another 15.5% were 
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average MVPA, but inactive at follow-up. Ten percent were Adopters (A), inactive at 
baseline but active at follow-up and 9% were Active Maintainers (AM), active at both 
measurement points.   
Logistic Regression models were run separately for each of the four categories of 
PA level change to provide a more detailed univariate analysis of each independent 
variable relative to each category; complete results of these analyses are found in Tables 
4, 5, 6 and 7.  
 1. Active Maintainers (Table 4) 
After fully adjusting for all other variables, participants who indicated receipt of 
free or reduced lunch (FRPL) had lower odds of AM compared to students who indicated 
otherwise. PA Self-Efficacy was also a predictor of AM; in the final model a higher PA 
Self-Efficacy score increased the likelihood of being AM.  
2. Inactive Maintainers (Table 5) 
Race was significant in the final model. Girls categorized as “Other” were more 
likely to be IM than Whites. FRPL approached significance suggesting that those who 
reported receipt of FRPL were more likely to be IM than those who reported otherwise. 
Friend Support for PA was significant; a lower Friend Support for PA score had a higher 
likelihood of IM.  
 3. Adopters (Table 6) 
 There were no variables found to be associated with A in the final model.  
 4. Relapsers (Table 7) 
 In the fully adjusted model, Friend Support for PA was the only variable 
associated with R; a higher Friend Support for PA score increased the likelihood of R. 
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BMI approached significance, suggesting that overweight or obese participants were less 
likely to be R compared with those of normal weight.  
II. Cohort B. 
Figure 2. Cohort B: Distribution of Active and Inactive at Baseline and Follow-up 
(n=561). 
 
Table 2 shows the complete distribution of all characteristics for Cohort B; Table 
3 shows the distribution by PA Change category. The majority of the girls identified 
themselves as white (47.8%); 20.9% self-identified as Black and 13.2% as Hispanic; the 
remaining 18.2% was categorized as “Other”. About one quarter of the sample reported 
receiving free or reduced lunch at school. Like with Cohort A, one-third of the sample 
was overweight or obese with a measured BMI at or above the 85th percentile for age. 
Most of the participants, 73.1%, were categorized as IM. Another 10% were R, 11% were 
A and only 5.5% of the girls were categorized as AM. Nearly half of the sample reported 
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9+ hours per day. Nearly 40% indicated they had a job for which they earned money. 
Over 75% of the participants reported that they have currently or have had in the past a 
serious boyfriend or partner. On average, girls reported age at menses at 12.3 years.  
 Logistic regression models were run separately for each of the four categories of 
PA level change to provide a more detailed univariate analysis of each independent 
variable relative to each category; results of these analyses are found in Tables 8, 9, 10 
and 11.  
1. Active Maintainers (Table 8) 
In the final model, Friend Support for PA approached significance. Living a 
greater distance from the nearest park lowered the likelihood for AM. A higher 
Frequency of PA with Friends score resulted in greater likelihood of AM. Global 
Physical scores were positively associated with increased odds of AM. 
2. Inactive Maintainers (Table 9) 
BMI was found to be a significant predictor for IM. After adjusting for other 
variables, participants who measured overweight/obese were more likely to be IM than 
those who measured normal weight. Friend Support for PA and Frequency of PA with 
Friends were also consistent predictors with a lower score predicting a higher likelihood 
for IM. Age at Menses also showed a negative association with a younger age predicting 
higher odds for IM.  
 3. Adopters (Table 10) 
 After adjusting for all variables, BMI was the only variable associated with A in 
later adolescence. Participants who measured normal weight were more likely to be A 
compared to those who measured overweight/obese.  
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 4. Relapsers (Table 11) 
 No variables demonstrated a significant association with R. 
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Chapter 5: Discussion 
Figure 3. Comparison of the Distribution of Physical Activity Categories, Cohort A 




This study found that there were differences in: 1) The predictors across the four 
categories of PA change in early adolescence; 2) The predictors across the categories in 
later adolescence; and 3) The predictors themselves between early and later adolescence. 
In early adolescence, predictors were: AM) FRPL and PA Self-Efficacy; IM) race, FRPL 
(approached) and Friend Support for PA; A) none; R) Friend Support for PA. In later 
adolescence, predictors were: AM) Friend Support for PA (approached), Distance to 
Nearest Park, PA Frequency with Friends and Global Physical; IM) BMI, Friend Support 
for PA, PA Frequency with Friends and Age at Menses; A) BMI; R) none.  
Many of these findings are consistent with existing research. An association was 
noted for race, but only for IM in early adolescence. Previous research has also found 
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predictor for PA and inactivity11,22,30,31; this study found a consistent association or 
trending association between receipt of FRPL and decreased odds of AM and increased 
odds of IM in early adolescence, but no association in later adolescence.  
This study found an inverse association between BMI and PA, but it was 
significant only for IM and A in later adolescence. There were associations noted for 
BMI for other categories in the unadjusted models, but after controlling for other 
variables these associations were no longer evident. Furthermore, BMI trended 
significant for R in early adolescence, but in the opposite direction one would expect to 
see—overweight/obese participants had lower odds of being R compared to those of 
normal weight. Across other studies, the relationship between BMI and PA has also been 
inconsistent.5,6,9,15,29  
This study found no association between PA and Elevated Depressive Symptoms 
in either cohort, which is contrary to other findings on PA and depression.10,21,24 Previous 
PA and participation in sports has been shown by others to be associated with future 
PA,6,7,15 but the present research found no significant association for either cohort. In 
their systematic review, Craggs et al. also found that there was insufficient evidence to 
suggest an association in age groups older than 10-13.15 The lack of association may also 
have been due to the small number of participants who stated they did not participate in 
any sports or activities during the previous year (11% in Cohort A; 4% in Cohort B). 
While it’s promising that over 90% of girls reported participating such activities, another 
measure of Previous PA may be more appropriate for future research. 
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Like other studies, this research found positive associations between social 
support and PA,7,9,15,35 but it was not evident in all groups. A higher Friend Support for 
PA score increased the likelihood of being R in early adolescence. This may be explained 
by the fact that this measurement was done at baseline when, by definition, Relapsers 
were classified as active.  
Self-efficacy is often cited as a significant factor for PA,15,20 but the present 
research found that PA Self-Efficacy was a predictor for AM in early adolescence, only.  
Similar to studies that have suggested an association between PA and the built-
environment12,32, in later adolescence this study found greater distance to the nearest park 
decreased the likelihood of being AM.  
Other studies suggested evidence for a positive relationship between sleep and 
PA,11,41,42 but the present study found no association. Research has suggested that 
competing commitments for time, such as employment, may contribute to adolescent 
withdrawal from PA,38 or that employment may actually be a source of PA for 
adolescents.17 This study, however, found no association between employment or having 
a boyfriend/partner and PA in later adolescence.  
Like previous research on social network factors and PA,35 this study found that 
in later adolescence a higher PA Frequency with Friends score predicted greater odds of 
AM and a lower score predicted higher odds of IM. The number of friends reported to be 
physically active was not significant. This suggests that simply having physically active 
friends is not enough to predict PA and participating in PA with friends may be an 
important factor for adolescent PA. Further research on PA and social networks is needed 
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to better understand how peer networks may play a role in increasing PA among 
adolescents.  
This study found some similar relationships to other findings on pubertal 
development and PA26,27; reporting menarche at a later age resulted in a lower likelihood 
of being IM in later adolescence.  
The present research included several measures of perceived self-concept in later 
adolescence—Body Fat, Global Physical and Global Self Esteem; only Global Physical 
was selected for inclusion in the final model. Many studies have looked at other measures 
of self concept and PA and most have found positive associations, 3,16,19,23–25,36 however 
this study found an association with AM only.  
Overall, these findings show that: 1) There are differences in what factors predict 
whether a girl maintains, increases or decreases her level of PA and 2) Those factors 
differ between early and later adolescence. In addition, the present research further 
highlights the complexity of the relationship between PA and its determinants and the 
importance of examining multi-level predictors.  
A. Study Strengths and Limitations 
Few studies to date have looked at different directions of change in PA in 
adolescent girls using an objective measure of PA; none were found that used 
accelerometers. In addition, this study used longitudinal data to look at change during 
two different periods of adolescence and examined multi-level predictors. This study did 
have its limitations. Two different cohorts were used and Cohort A was national while 
cohort B consisted of girls from the Washington DC/Baltimore area only which limits 
generalizability. In addition, some of the variables examined in this study were available 
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only for cohort B, limiting the comparisons between the two cohorts. No school level 
variables or policy level variables were included for either cohort. The majority of 
variables selected were measured at baseline, however it is possible that follow-up 
variables or the change in the variables between baseline and follow-up may be better 
predictors than the baseline measure.  
B. Public Health Significance 
This study adds to the current body of literature addressing PA and related 
determinants in adolescent girls. Examining predictors for each level of change may help 
to inform the implementation of programs to not only reduce the overall decline of PA, 
but may also help guide strategies to help girls maintain or even increase their level of PA 
during adolescence. In addition, this research provides further evidence that to adequately 
address the decline in PA, interventions need to occur at all social-ecological levels. 
Finally, it should be noted that some of the OR values may be seen as modest or 
relatively weak. On an individual level, it is true that the likelihoods are only minimally 
elevated or decreased. However, it is important to remember that on a population level, a 
slight shift in the distribution one way or the other can have a significant impact on the 
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Table 1: Variable List Summary 
 
Variable Type Cohort Measurement 
Dependent Variable    
PA level Categorical (4) A & B Active Maintainers=*Active at 
baseline and followup) 
Inactive Maintainers= **Inactive at 
baseline and follow-up 
Adopters=Inactive at baseline, Active 
at followup) 
Relapsers=Active at baseline, inactive 
at followup) 
*Active=	 ≥ 30 minutes of average daily 
MVPA 
**Inactive=< 30 minutes  
Independent 
Variables 
   







Lunch (proxy for 
SES) 




Body Mass Index 
(BMI) 
Dichotomous A & B Measured Weight (kg)/height (m)2 
> 85th percentile = overweight/obese 
all else=normal weight 
Elevated Depressive 
Symptoms 
Dichotomous A & B CED-S; possible range 0-60 
 > 16=elevated depressive symptoms. 
< 16= none 
Self Concept    
Self Esteem Continuous B only PSDQ; range 0-40 
Body Fat Continuous B only PSDQ; range 0-30 
Global Physical Continuous B only PSDQ; range 0-30 
Social Network 
 
   
Physically Active 
Friends 
Continuous B only Is this friend physically active? 
Range 0-3 
 
PA Frequency with 
Friends 
Continuous B only How often are you physically active 
with this friend? 
Range 0-15 
Social Support for 
PA 
   
Friend Social 
Support for PA 
Continuous A & B Range 0-12 
Family Social 
Support for PA 
Continuous A & B Range 0-20 
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PA Self-efficacy Continuous A & B Range 8-40 
Previous Sports 
Participation 
Dichotomous A & B Participation in sports teams and/or 







Continuous B only Age at first menstruation (in years) 





Sleep Categorical (3) B only Average hours of daily sleep 
Optimal=> 9 hours 
Borderline = 8-9 hours 
Insufficient = < 8 hours 




Distance to nearest 
park 
Continuous A & B Shortest street network distance, in 
miles 
Distance to school Continuous A & B Shortest street network distance, in 
miles 
  
	  32	  	  
Table 2. Descriptive Characteristics for Cohort A and Cohort B.	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Table 3. Descriptive Characteristics for Cohort A (n=984) and Cohort B (n=561), by 
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Table 8: Parameter Estimates for Cohort B, Active Maintainers (n=31) 
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Table 9: Parameter Estimates for Cohort B, Inactive Maintainers (n=410) 
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Table 10: Parameter Estimates for Cohort B, Adopters (n=64) 
  
!"#$"%&' () *+,-./ 012"&3' () *+,-./ 012"&3' () *+,-./ 012"&3'
)"4' !"#$%& !"'### !"(#)#
* )"!!! )"!!! )"!!!
+ )"),! !"$&'-.,",!' )",%' !"&))-.,"$)! )"/,, !"&'(-.,"#/&
0 !"### !"/%&-.,",'' )"!#( !"/&#-.,"$&/ )",() !"$%$-.%"!)'
1 )",!/ !"$##-.,"/)# )",&/ !"&,$-.,"$$( )",$$ !"&)%-.,"$(,
5#''6#'734'7-&3849 !"/,,& !"%/&& !"/&##
123456784 )"!!! )"!!! )"!!!
948 !"((/ "/)/-.)"//( !"(,# !"%('-.)"/!' !"((# !"%#&-.)"$%%
:;/ !"!!,& !"!!%! !"!!,$
:;5<=>.*47?32 )"!!! )"!!! )"!!!
1@45647?32 !"%/) !")&#-.!"&'& !"%/% !")(!-.!"&#$ !"%%% !")&/-.!"&(#
<&'2"='7->'0#'??$2'-@AB0=CB? !"%#)) !"%%&& !")(!'
:; )"!!! )"!!! )"!!!
948 )",$( !"(/$-.,"))# )",#/ !"(&$-.,")'' )"/$/ !"'$)-.,"/'%
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948 )"!!! )"!!! !"&/($
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Table 11: Parameter Estimates for Cohort B, Relapsers (n=56) 
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Table 12. Comparison of Significant Predictors of Physical Activity Change for 
Cohort A and Cohort B with Parameter Estimates; OR (95% CI) 
Active Maintainers-Early Adolescence 
OR > 1.0    OR<1.0 
Self-Efficacy 1.063 (1.020, 1.108)  FRPL 0.482 (0.266, 0.873) 
 
Active Maintainers-Late Adolescence 
OR > 1.0    OR<1.0 
PA Freq w/ Friends 1.239 (1.023, 1.500)  Distance to Park 0.665 (0.441, 1.003) 
Global Physical 1.077 (1.006, 1.152)    
 
Inactive Maintainers-Early Adolescence 
OR > 1.0    OR<1.0 
Race-Black 1.463 (0.962, 2.225)  Friend Support for PA 0.906 (0.862, 0.953) 
Race-Other 1.547 (1.060, 2.257)  Race-Hispanic 0.869 (0.534, 1.417) 
 
Inactive Maintainers-Late Adolescence 
OR > 1.0    OR<1.0 
BMI 1.919 (1.175, 3.136)  PA Freq w/ Friends 0.899 (0.819, 0.987) 
   Age At Menses 0.870 (0.753, 1.005) 
   Friend Support for PA 0.925 (0.864, 0.990) 
 
Adopters-Early Adolescence 
OR > 1.0    OR<1.0 
None   None  
 
Adopters-Late Adolescence 
OR > 1.0    OR<1.0 
None   BMI 0.333 (0.164, 0.679) 
 
Relapsers-Early Adolescence 
OR > 1.0    OR<1.0 
Friend Support 1.112 (1.044, 1.185)  None  
 
Relapsers-Late Adolescence 
OR > 1.0    OR<1.0 
None   None  
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